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Courses given in Mathematics have the subject code MATH. For a
completelist of subject codes, see Appendix B.

The Department of Mathematics offers programs|eading to the de-
greesof Bachelor of Science, Master of Science, and Doctor of Philoso-
phy in Mathematics, and participatesin the program leading to the B.S.
in Mathematical and Computational Science. The department also par-
ticipatesinthe M.S. and Ph.D. degree programsin Scientific Comput-
ing and Computational Mathematics and the M.S. degree program in
Financial Mathematics.

ADVANCED PLACEMENT FOR FRESHMEN

Students of unusual ability in mathematics often take one or more
semesters of college-equivalent coursesin mathematicswhilethey are
still in high school. Under certain circumstances, it ispossiblefor such
studentsto secure both advanced placement and credit toward the bach-
elor’sdegree. A decision asto placement and credit is made by the de-
partment after consideration of the student’s performance on the Ad-
vanced Placement Examinationin M athematics(formsAB or BC) of the
College Entrance Examination Board, and also after consideration of
transfer credit in mathematics from other colleges and universities.

Thedepartment doesnot giveitsown advanced placement examina-
tion. Students can receive either 5 or 10 units of advanced placement
credit, depending on their scores on the CEEB Advanced Placement
Examination. Entering studentswho have credit for two quartersof sin-
glevariablecal culus(10units) areencouragedtoenroll inMATH 51-53
in multivariable mathematics, or the honors version 51H-53H. These
three-course sequences, which can be completed during the freshman
year, supply the necessary mathematics background for most majorsin
science and engineering. They also serve as excellent background for
major or minor degreesin Mathematics, or in Mathematical and Com-
putational Science. Studentswho have credit for one quarter of single
variablecalculus (5 units) should take MATH 42 intheAutumn Quarter
and51inWinter Quarter. Optionsavailableinthe Spring Quarter include
MATH 52, 53, or 103. For proper placement, contact the Department of
Mathematics.

UNDERGRADUATE PROGRAMS
BACHELOR OF SCIENCE

Thefollowing department requirementsareinadditiontotheUniver-
sity’shasic requirementsfor the bachelor’s degree:

MAJORS

Students wishing to major in Mathematics must satisfy the follow-
ing requirements:

1. Department of Mathematics coursestotaling at least 49 unitscredit;
such coursesmust betakenfor aletter grade. For the purposesof this
reguirement, courses crosslisted with another department, such as
MATH 105 (STATS116) and MATH 160A and 160B (PHIL 160A and
160B), count as Department of Mathematics courses.

2. Additional coursestaken from Department of Mathematics courses
numbered 100 and aboveor from approved coursesinother disciplines
with significant mathematical content, totaling at least 15 unitscredit.

3. A Department of M athematicsadviser must besel ected, and thecours-
es selected under items* 1’ and ‘2’ above must be approved by that
adviser, acting under guidelineslaid down by thedepartment’sCom-
mittee for Undergraduate Affairs. The Department of Mathematics
adviser can be any member of the department’sfaculty.

4. Toreceive the department’s recommendation for graduation, a stu-
dent must have been enrolled asamajor in the Department of Math-
ematics for aminimum of two full quarters, including the quarter
immediately before graduation. In any case, students are strongly
encouraged to declare as early as possible, preferably by the end of
the sophomoreyear.

Students are normally expected to complete either the sequence 19,
20, 21 or thesequence 41, 42 (but not both). Studentswith an Advanced
Placement scoreof at least 4in BC math or 5inAB math may receive 10
unitscredit and fulfill requirement * 1’ by taking at |east 39 units of De-
partment of Mathematicscoursesnumbered 51 and above. Studentswith
anAdvanced Placement scoreof at least 3inBC math or at least 4inAB
math may receive 5 units credit and fulfill requirement ‘1’ by taking at
least 44 units of Department of Mathematics courses numbered 42 and
above.

Sophomore seminar courses may be counted among the choice of
coursesunder item*‘1’. Other variations of the courserequirementslaid
down above (under items ‘1’ and ‘2’) may, in some circumstances, be
allowed. For exampl e, studentstransferring fromother universitiesmay
beallowed credit for somecoursescompleted beforetheir arrival at Stan-
ford. However, at | east 24 unitsof the49 unitsunder item*‘ 1’ above must
be taken at Stanford. In all cases, approval for variationsin the degree
requirements must be obtained from the department’s Committee for
Undergraduate Affairs. Application for such approval should be made
through the student’s Department of M athematics adviser.

Itistobeemphasizedthat theaboveregulationsareminimumrequire-
mentsfor themajor; studentscontempl ating graduatework in mathemat-
icsarestrongly encouragedtoincludethecourses116, 120, 121,and 171
intheir selection of courses, and in addition, take at |east three Depart-
ment of M athemati cscoursesover and abovetheminimum requirements
laid out under items ‘1’ and ‘2" above, including at least one 200-level
course. Such studentsare al so encouraged to consider the possibility of
taking the honors program, discussed bel ow.

To help devel op asense of thetype of course selection (under items
‘1’ and ‘2’ above) which would be recommended for math majorswith
various backgrounds and interests, see the following examples. These
represent only afew of avery large number of possible combinations of
courses which could be taken in fulfillment of the Mathematics major
requirements:

Example1—A “General” program (abalanced program of both pure
andapplied components, without any particular emphasisonany onefield
of mathematics or applications) asfollows:

Either MATH 19, 20and 21, or 41 and 42 (or satisfactory Advanced Place-

ment credit); 51, 52, 53; 104; 106; 109; 110; 115
Plusany selectionof at |east eight of thefollowing courses, includingthree

Department of Mathematicscourses: MATH 105 (STATS116), 108,

131,132,143, 147,148, 152,161, 173; PHY SICS51, 53, 55; CS137;

ECON 50. (These specific courses from other departments are only

meant asan example. Therearemany suitable coursesin several de-

partmentswhich can betaken to fulfill part or all of requirement 2.)

Example2—A “Theoretical” program (recommended for those con-
templating possiblelater graduate work (see, a so, the discussion of the
honorsprogrambel ow), providinganintroductiontothemainareasof mathe-
maticsboth broader and deeper thanthegeneral program outlined above).
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Either MATH 19, 20, and 21, or 41 and 42 (or satisfactory Advanced
Placement credit)

Either the sequence 51, 52, 53, or the sequence 51H, 52H, 53H; 106 or
116; 114; 120; 171

Plus nine or more of the following courses, including at least one from
each group: algebrasequence 121, 152, 153, 156; analysis sequence
131,132,151, 174A,B, 175; geometry/topol ogy sequence 143, 145,
147, 148, 173; logic and set theory sequence 160A,B, 161.

In addition, those contemplating eventual graduate work in Mathe-
matics should seriously consider including at least one graduate-level
math coursesuchasMATH 205A, 206A, or 210A.. Such studentsshould
also consider the possibility of entering the honors program.

(Studentstaking 51, 52, 53 rather than 51H, 52H, 53H should con-
sider taking 113 before attempting 114.)

Example 3*—An “ Applied Mathematics’ program:

Either MATH 19, 20, and 21; or 41 and 42 (or satisfactory Advanced
Placement credit); 51, 52, 53; 103; 105 (Statistics116); 106; 108; 109;
110; 115; 131

Plusat least 15 units of additional coursesin Applied Mathematics, in-
cluding, for example, suitablecoursesfromthedepartmentsof Phys-
ics, Computer Science, Economics, Engineering, and Statistics.

* Studentswithinterestsin Applied Mathematics, but desiring abroader-based programthan

thetype of program suggested in Example 3, including significant computational and/or

financial and/or statistical components, are encouraged to al so consider the M athematics
and Computational Sciences program.

MINORS

To qualify for the minor in Mathematics, a student should success-
fully complete, for aletter grade, at |east six Department of Mathemat-
icscoursesnumbered 51 or higher, totaling aminimum of 24 units. Itis
recommended that these coursesinclude either the sequence 51, 52, 53
or thesequence51H, 52H, 53H. Atleast 9 of theunitsapplied toward the
minor in Mathematics must be taken at Stanford.

HONORS PROGRAM

The honors program isintended for students who have strong theo-
retical interestsand abilitiesin mathematics. Thegoal of theprogramis
to give studentsathorough introduction to the main branches of mathe-
matics, especially analysis, algebra, and geometry. Through the honors
thesis, students may beintroduced to acurrent or recent research topic,
although occasionally moreclassical projectsare encouraged. The pro-
gram provides an excellent background with which to enter amaster’s
or Ph.D. programin Mathematics. Studentssuccessfully completingthe
program are awarded aB.S. in Mathematics with Honors.

It isrecommended that the sequence 51H, 52H, 53H betakeninthe
freshmanyear. Studentswho haveinstead taken the sequence 51, 52, 53
intheir freshmanyear may be permitted to enter thehonorsprogram, but
such entry must be approved by the Department of Mathematics Com-
mittee for Undergraduate Affairs.

To graduate with aB.S. in Mathematics with Honors, the following
conditionsapply in addition to the usual requirementsfor math majors:
1. Theselection of coursesunderitems‘1’ and ‘2’ above mustinclude

all themath courses 106 or 116, 120, 171 and a so must include sev-

en or more additional courses, with at least one from each of the
groups: algebrasequence 114, 121, 152, 153, 156; analysi ssequence

131,132,151, 174A, 174B, 175, 176; geometry/topol ogy sequence

143, 145, 147, 148, 173; logic and set theory sequence 160A, 160B,

161.

2. Studentsinthehonorsprogram must writeasenior thesis. Inorder to
facilitatethis, the student must, by the end of thejunior year, choose
an undergraduate thesis adviser from the Department of Mathemat-
icsfaculty, and map out a concentrated reading program under the
directionand guidanceof theadviser. During thesenior year, thestu-
dent must enroll in MATH 197 for atotal of 6 units (typically spread
over two quarters), and work toward compl etion of the thesis under
thedirection and guidance of thethesisadviser. Thethesismay con-
tain original material, or be asynthesis of work in current or recent
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research literature. The 6 unitsof credit for MATH 197 arerequired

inadditiontothecourserequirementslaid out underitems‘1’ and‘2’

aboveandin addition to all other requirementsfor math majors.

I'n addition to the minimum requirementslaid out above, itisstrong-
ly recommended that studentstakeat | east onegraduate-level course(that
is, at least one course in the 200 plusrange). MATH 205A, 206A, and
210A are especially recommended in this context.

Students with questions about the honors program should see the
Director of Undergraduate Advising.

BACHELOR OF SCIENCE IN MATHEMATICAL
AND COMPUTATIONAL SCIENCE

TheDepartment of M athemati csparticipateswith thedepartmentsof
Computer Science, Management Science and Engineering, and Statis-
ticsinaprogram leading to aB.S. in Mathematical and Computational
Science. Seethe* Department of M athematical and Computational Sci-
ence” section of thisbulletin.

GRADUATE PROGRAMS
MASTER OF SCIENCE

The University’sbasic requirementsfor themaster’sdegreearedis-
cussed inthe“ Graduate Degrees’ section of thisbulletin. Students en-
tering Stanford in 2001 or later should pay particular attention to the
University’scourserequirementsfor graduatedegrees. Thefollowingare
specific departmental requirements:

Candidates must complete an approved course program of 45 units
of courses beyond the department requirements for the B.S. degree, of
which at least 36 unitsmust be M athemati cs Department courses, taken
for aletter grade. TheMathematicscoursesmustincludeat | east 18 units
numbered 200 or above. The candidate must have agrade point average
(GPA) of ‘B’ over all course work taken in Mathematics, and a GPA of
‘B’ inthe 200-level courses considered separately. Coursework for the
M.S. degree must be approved during the first quarter of enrollment in
the program by the department’s Director of Graduate Studies.

For the M.S. degreein Financial Mathematics, see the “ Financial
Mathematics” section of thisbulletin.

TEACHING CREDENTIALS

For information concerning therequirementsfor teaching credential's,
seethe” School of Education” section of thisbulletin or addressinquir-
iesto Credential Secretary, School of Education.

MASTER OF ARTS IN TEACHING
(MATHEMATICS)

In cooperationwith the School of Education, thedepartment offersa
program|eading to aMaster of Artsin Teaching (Mathematics). Itisin-
tended for candidateswho have ateaching credential or relevant teach-
ing experience and wish to strengthen their academic preparation. De-
tailed requirementsareoutlined under the* School of Education, Master
of Artsin Teaching” section of thisbulletin.

DOCTOR OF PHILOSOPHY

The University’s basic requirements for the doctorate (residence,
dissertation, examinations, etc.) arediscussedinthe Graduate Degrees”
sectionof thisbulletin. Studentsentering Stanfordin 2001 or later should
pay particular attention to the University course unit requirements for
advanced degrees. Thefollowing arespecific departmental requirements.

Tobeadmitted to candidacy, thestudent must have successfully com-
pleted 27 units of graduate courses (that is, courses numbered 200 and
above). In addition, the student must pass qualifying examinationsgiv-
en by the department.

Beyond therequirementsfor candidacy, the student must compl etea
course of study approved by the Graduate Affairs Committee of the
Department of Mathematics and submit an acceptabl e dissertation. In
accordance with University requirements, Ph.D. students entering in
2001 or later must completeatotal of 135 courseunitsbeyond thebach-



elor’sdegree. Thesecoursesshould be Department of M athematicscours-
es or approved courses from other departments. The course program
should display substantial breadth in mathematics outsidethe student’s
field of application. Thestudent must receiveagradepoint average(GPA)
of ‘B’ or better in coursesused to satisfy the Ph.D. requirement. | n addi-
tion, the student must pass the Department area examination and the
University oral examination and passareading examinationin onefor-
eign language, chosen from French, German, or Russian.

Experience in teaching is emphasized in the Ph.D. program. Each
student is required to complete nine quarters of such experience. The
natureof theteaching assignment for each of thosequartersisdetermined
by thedepartment in consultation with the student. Typical assignments
includeteaching or assi sting inteaching an undergraduate courseor lec-
turing in an advanced seminar.

For further information concerning degreeprograms, fellowships, and
assistantships, inquire of the academic associate of the department.

APPLIED MATHEMATICS OPTION

Thisoption differsfrom the standard Ph.D. programin that qualify-
ing examinationsin more applied areas are substituted for the regular
qualifying examinations. Also, the courses MATH 220 (basic methods
in partial differential equations) and CS 237 (numerical methods) area
required part of the curriculuminthefirst year. Studentsarerequired to
take 18 unitsof graduate-level coursesin computer scienceand applied
areas such as financial mathematics, fluid mechanics, operations re-
search, or statistics.

Ph.D. MINOR
The student should complete both of the following:*

1. MATH 106 or 116, 131, 132
2. MATH 113, 114, 120 or 152

Thesecoursesmay havebeen completed during undergraduatestudy,
and their equivalentsfrom other universities are acceptable.

In addition, the student should compl ete 21 units of 200-level cours-
esinmathematics. These must betaken at Stanford and approved by the
Department of Mathematics' Ph.D. minor adviser.

* A third coherent sequencedesigned by the student, subject totheapproval of thegraduate
committee, may be considered asasubstitutefor items*‘1’ or ‘2'.

COURSES

(WIM) indicates that the course meets the Writing in the Major re-
quirements.

INTRODUCTORY AND UNDERGRADUATE

Thedepartment offerstwo sequencesof introductory coursesinsin-

glevariablecalculus.

1. MATH 41, 42 present singlevariable calculus. Differential calculus
iscoveredinthefirst quarter, integral calculusin the second.

2. MATH 19, 20, 21 cover thematerial in41, 42inthreequartersinstead
of two.

Thereare optionsfor studying multivariable mathematics:

1. MATH 51, 52, 53 cover differential and integral calculusin several
variables, linear algebra, and ordinary differential equations. These
topicsaretaughtinanintegrated fashi on and emphasize application.
MATH 51 coversdifferential calculusinseveral variablesandintro-
ducesmatrix theory andlinear algebra, 52 coversintegral calculusin
several variablesand vector analysis, 53 studiesfurther topicsinlin-
ear algebraand appliesthemtothestudy of ordinary differential equa-
tions. Thissequenceisstrongly recommended for incoming freshmen
with 10 units of advanced placement credit.

2. MATH51H, 52H, 53H cover thesamematerial as51, 52, 53, but with
more emphasis on theory and rigor.

Theintroductory courseinmodern algebraisLinear Algebra(103 or
113). Thereareno formal prerequisitesfor these courses, but appropri-
ate mathematical maturity is expected. Much of the material in 103 is
covered inthe sequence 51, 52, 53.

MATH 19. Calculus—The content of MATH 19, 20, 21 isthe same as
the sequence MATH 41, 42 described below, but covered in three
quarters, rather than two. GER:2c

3 units, Aut (Carlton), Win, Sum (Staff)

MATH 20. Calculus—Continuation of 19. Prerequisite: 19. GER:2c
3 units, Win (Carlton), Spr (Saff)

MATH 21. Calculus—Continuation of 20. Prerequisite: 20. GER:2c
4 units, Spr (Carlton)

MATH 41. Calculus—Introduction to differential and integral calculus
of functions of one variable. Topics: review of elementary functions
including exponentials and logarithms, rates of change, and the deriva-
tive. Introduction to the definite integral and integration. Prerequisites:
algebra, trigonometry. GER:2c

5 units, Aut (Bray)

MATH 42. Calculus—Continuation of 41. Methods of symbolic and
numerical integration, applications of the definiteintegral, introduction
to differential equations. Infinite series. Prerequisite: 41 or equivalent.
GER:2c

5units, Aut (Tradler), Win (Bray)

MATH 51. Linear Algebra and Differential Calculus of Several
Variables—Geometry and algebra of vectors, systems of linear equa-
tions, matrices, vector valued functions and functions of several vari-
ables, partia derivatives, gradients, chainruleinseveral variables, vector
fields, optimization. Prerequisite: completion of 21, 42, or a score of at
least 4 on the BC Advanced Placement Examination or 5 on the AB
Advanced Placement Examination, or consent of theinstructor. GER:2c
5 units, Aut (White, Mazzeo, Sacey, S. Levandosky, VanDieren)
Win (Kerckhoff, Rubin, Tradler), Sor (Bray), Sum (Staff)

MATH 52.1ntegral Calculusof Sever al Variables—Iteratedintegrals,

line and surface integrals, vector analysis with applications to vector

potential sand conservativevector fields, physical interpretations. Diver-

gencetheoremand theoremsof Green, Gauss, and Stokes. Prerequisite: 51.
5 units, Aut (Bump), Win (Goldstein, S. Levandosky), Spr (Li)

MATH 53. Ordinary Differential Equationswith Linear Algebra—
Linear ordinary differential equations, applications to oscillations, ma-
trix methods including determinants, eigenvalues and eigenvectors,
matrix exponentials, systems of linear differential equations with con-
stant coefficients, stability of non-linear systems and phase plane anal-
ysis, numerical methods, Laplace transforms. Integrated with topics
from linear algebra (103). Prerequisite: 51.

5units, Aut (Gamburd), Win (Liu), Spr (S. Levandosky), Sum (Staff)

MATH 51H. Honor sAdvanced Calculus—For prospective math ma-
jorsin the honors program and students from other areas of science or
engineering who have a strong mathematics background. Three quarter
sequence covers the material of 51, 52, 53, and additional advanced
calculus and ordinary and partial differential equations. Provides a
unifiedtreatment of multi-variablecalculus, linear algebra, and differen-
tial equationswith adifferent order of topicsand emphasisfrom standard
courses. Studentsshould know one-variablecal culusand haveaninterest
in atheoretical approach to the subject. Prerequisite: score of 5on BC
Advanced Placement Exam, or consent of theinstructor. Recommended:
complete at least the first two quarters. 51H satisfies GER:2c
5 units, Aut (Eliashberg)

MATH 52H. Honor sAdvanced Calculus—Continuation of 51H. Pre-
requisite: 51H.
5 units, Win (Eliashberg)

MATH 53H. Honor sAdvanced Calculus—Continuation of 52H. Pre-
requisite: 52H.
5 units, Spr (Stacey)
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MATH 84Q. FiniteM athematics, Codes, and Cryptography—Stan-
ford Introductory Seminar. Preference to sophomores. Focusison finite
fields, production of efficient ways of transmitting information, correc-
tion of possibly noisy information, and secure coding of information.
Thisinvolvesdoing the operationsin ordinary arithmetic such asadding,
multiplying, exponentiating, but in a setting in which the things being
operated on are not numbersin the usual sense.
3 units, Win (Carlsson)

MATH 85Q. Calculus of Variations—Stanford Introductory Seminar.
Preference to sophomores. Why is a straight line the shortest distance
between two points? What is the analogue of this statement on curved
surfaces? Why does light travel along these shortest paths? Why is the
circlethe curve of the shortest length which bounds a given area? What
determines the shape of soap films? The mathematics behind these and
related questions; how the principlesinvolved are fundamental in physics
(the principle of least action). Independent reading. Students present mate-
rial. Prerequisite: multivariable calculus and ODE (50 or 50H series).
3 units, Spr (Mazzeo)

MATH 87Q. Mathematics of Knots, Braids, Links, and Tangles—
Stanford Introductory Seminar. Preference to sophomores. Types of
knots and how knots can be distinguished from one another by means of
numerical or polynomial invariants. The geometry and algebraof braids,
including their relationships to knots and rational functions. Students
choose research projects to write about and present.

3units, Spr (Brumfiel)

UNDERGRADUATE AND GRADUATE

Unlessexplicitly stated, thereareno prerequisitesfor thecourseslisted
below. Whereaprerequisiteisstated, it may bewaived by theinstructor.

MATH 103. Matrix Theory and itsApplications—Linear algebraand
matrices, emphasizing the computational and algorithmic aspects and
the scientific problems in which matrix theory is applied. Solution of
linear equations. Linear spaces and matrices. Orthogonal projection and
least squares. Determinants, eigenvalues, and eigenvectors. GER:2¢
3 units, Aut (Kim, Schlichtkrull), Win (Zerner, Schlichtkrull, Kim),
Sor (Yang, Zerner)

MATH 104. Matrix Theory and its Applications—Continuation of
103. Positive definite matrices, extremum problems, computationswith
matrices, elements of linear programming, and Markov chains.

3 units, not given 2002-03

MATH 105. Theory of Probability—(Enroll in STATS 116.)
3-5units, Aut (Taylor), Spr (Donoho), Sum (Staff)

MATH 106. Functions of a Complex Variable—Complex numbers,
analytic functions, Cauchy-Riemann equations, complex integration,
Cauchy integral formula, residues, elementary conforma mappings.
Prerequisite: 52.

3 units, Aut (Lindenstrauss), Sum (Saff)

MATH 108. Introduction to Combinatorics and its Applications—
Topics: graphs, trees (Cayley’'s Theorem, application to phylogony),
eigenvalues, basic enumeration (permutations, Stirling and Bell num-
bers), recurrences, generating functions, basic asymptotics. Prerequi-
sites: 51 or 103 or equivalent.

3units, Aut (Maclagan)

MATH 109. Applied Group Theory—Applications of the theory of
groups. Topics: elements of group theory, groups of symmetries, matrix
groups, group actions, and applicationsto combinatoricsand computing.
Applications; rotational symmetry groups, the study of the Platonic
solids, crystallographic groups and their applications in chemistry and
physics. (WIM)

3 units, Win (Milgram)

MATH 110. Applied Number Theory and Field Theory—Introduc-
tion to number theory and its applications to modern cryptography.
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Topics: congruences, finite fields, primality testing and factorization,
publickey cryptography, error correcting codes, and elliptic curves, with
emphasis throughout on algorithms. (WIM)

3 units, Spr (Carlsson)

MATH 111. Computational Commutative Algebr a—Introduction to
the theory of commutative rings, ideals, and modules. Systems of
polynomial equations in several variables from the algorithmic view-
point. Groebner bases, Buchberger's agorithm, elimination theory.
Applications to algebraic geometry and to geometric problems.

3 units, Win (Carlsson)

MATH 112. Symmetric Functions and Algebraic Combinatorics—
Unified treatment of topics in classical enumeration via the study of
symmetric polynomials. Classical symmetric functions, Schur func-
tions, Young tableaux, Schensted correspondence, character theory of
thesymmetric group, introductionto random matrix theory. Prerequisite:
109 or 120, or equivalent.

3 units, not given 2002-03

MATH 113. Linear Algebraand Matrix Theory—Algebraic proper-
tiesof matricesand their interpretation in geometric terms. Therelation-
ship between the algebraic and geometric points of view and matters
fundamental to the study and solution of linear equations. Topics: linear
equations, vector spaces, linear dependence, bases and coordinate sys-
tems; linear transformations and matrices; similarity; eigenvectors and
eigenvalues; diagonalization.
3 units, Aut (Lindenstrauss), Win (Katznel son)

MATH 114. Linear Algebraand Matrix Theory | 1—Continuation of
113. Deeper study of 113 topics plus additional topics from invariant
subspaces, canonical forms of matrices; minimal polynomials and ele-
mentary divisors; vector spaces over arbitrary fields; inner products;
Jordan normal forms; Hermitian and unitary matrices; multilinear alge-
bra; applications.

3 units, Win (Ornstein), Sor (Maclagan)

MATH 115. Functions of a Real Variable—The development of real
analysis in Euclidean space: sequences and series, limits, continuous
functions, derivatives, integrals. Basic point set topology. Honors math
majors and students who intend to do graduate work in mathematics
should take 171. Prerequisite: 51.

3 units, Aut (Katznel son), Win (Ornstein), Sum (Staff)

MATH 116. Complex Analysis—Analytic functions, Cauchy integral
formula, power series and Laurent series, calculus of residues and
applications, conformal mapping, analytic continuation, introduction to
Riemann surfaces, Fourier seriesand integrals. Applications of complex
analysisto electrostatics, hydrodynamics, and theoretical physics. Pre-
requisite: 52.

3 units, not given 2002-03

MATH 120. Modern Algebra—Basic structures in algebra: groups,
rings, and fields. Elements of group theory: permutation groups, finite
Abelian groups, p-groups, Sylow theorems. Polynomial rings, principal
ideal domains, unique factorization domains. (WIM)

3units, Aut (Maclagan), Spr (White)

MATH 121. Modern Algebra I1—Continuation of 120. Fields of
fractions. Solvable and simple groups. Elements of field theory and
Galois theory. Prerequisite: 120.

3units, Win (Milgram)

MATH 131. Partial Differential Equations |—First-order equations,
classification of second-order equations. Initial-boundary value prob-
lems for heat, wave, and related equations. Separation of variables,
eigenvalue problems, Fourier series, existence and uniqueness ques-
tions. Prerequisite: 53 or 130 or equivalent.

3units, Aut (Liu), Win (Papanicolaou)



MATH 132. Partial Differential Equations |l—Laplace's equation
and properties of harmonic functions. Green’s functions. Distributions
and Fourier transforms. Eigenvalue problems and generalized Fourier
series. Numerical solutions.

3 units, Win (J. Levandosky), Spr (Yang)

MATH 135. Nonlinear Dynamics and Chaos—Topics: one- and two-
dimensional flows, bifurcations, phase plane analysis, limit cycles and
their bifurcations. Lorenz equations, fractals and strange attractors.
Prerequisite: 51 and 53 or equivalent.

3units, Win (Levy)

MATH 136. Stochastic Processes—I ntroductionto measuretheory, Lp
spaces and Hilbert spaces. Random variables, expectation, conditional
expectation, conditional distribution. Uniform integrability, almost sure
and L p convergence. Stochastic processes: Definition, stationarity, sam-
ple path continuity. Examples: random walk, Markov chains, Gaussian
processes, Poi sson processes, Martingal es. Construction and basic prop-
erties of Brownian motion. Prerequisites: STATS 116, or MATH 151 or
equivalent. Recommended: 115 or equivalent.
3 units, Aut (Dembo)

MATH 143. Differential Geometry—Geometry of curvesand surfaces
in three-space and higher dimensional manifolds. Parallel transport,
curvature, and geodesics. Surfaces with constant curvature. Minimal
surfaces.

3 units, Aut (Goldstein)

MATH 145. Algebraic Geometry—Real algebraic curves, Hilbert's
nullstellensatz, complex affineand projective curves, Bezout’stheorem,
the degree/genus formula, Riemann surfaces, Riemann-Roch theorem.
Prerequisites: 106 or 116 and either 120 or 109. Recommended: famil-
iarity with surfaces, e.g., from one of 143, 147, 148, or 173.

3 units, not given 2002-03

MATH 147. Differential Topology—Smooth manifolds, transversality,

Sards' theorem, embeddings, degree of a map, Borsuk-Ulam theorem,

Hopf degree theorem, Jordan curve theorem. Prerequisite: 115 or 171.
3units, alternate years, given 2003-04

MATH 148. Algebraic Topology—Fundamental group, covering spac-
es, Euler characteristic, homology, classification of surfaces, knots.
Prerequisite: 109 or 120.

3units, Spr (Schlichtkrull)

MATH 151. Introduction to Probability Theor y—Counting; axioms
of probability; conditioning and independence; expectation and vari-
ance; discrete and continuous random variables and distributions; joint
distributions and dependence; central limit theorem and laws of large
numbers. Prerequisite: 52 or consent of instructor.

3units, Win (Lee)

MATH 152. Elementary Theory of Numbers—Euclid's agorithm,
fundamental theorems on divisibility; prime numbers, congruence of
numbers; theorems of Fermat, Euler, Wilson; congruences of first and
higher degrees; Lagrange's theorem and its applications; quadratic
residues; introduction to the theory of binary quadratic forms.

3 units, Aut (Rubin)

MATH 153. Combinatorics—Topicsin Ramsey’stheorem, generating
functions, partition functions, and in number theory (sums of integers
and van der Waerden’stheorem). Recommended: general backgroundin
algebra, analysis, and some number theory.

3 units, not given 2002-03

MATH 156. Group Representations—Designed for undergraduates.
Experimental, primarily examining symmetrieson objectssuch asvector
spaces (group representations), geometric objects (geometric group
actions), and discrete sets(combinatorics). Topi cs: group representations
and their characters, classification of permutation group representations

using partitions and Young tableaus, group actions on sets and the

Burnsidering, and spherical spaceforms. Prerequisites: basicknowledge

of linear algebra(51 and 53, or 103 or 113) and group theory (109 or 120).
3 units, Spr (Milgram)

MATH 160A. First-Order Logic—(Enroll in PHIL 160A.)
4 units, Win (Arana)

MATH 160B. Computability and L ogic—(Enroll in PHIL 160B.)
4 units, Spr (Arana)

MATH 161. Set Theory—Informal and axiomatic set theory: sets,
relations, functions, and set-theoretical operations. The Zermelo-Fraen-
kel axiom system and the specia role of the axiom of choice and its
various eguivaents. Well-orderings and ordinal numbers; transfinite
induction and transfinite recursion. Equinumerosity and cardinal num-
bers; Cantor’s Alephs and cardinal arithmetic. Open problems in set
theory.
3 units, Spr (VanDieren)

MATH 162. Philosophy of M athematics—(Enroll in PHIL 162/262.)
4 units, Win (Marino)

MATH 171. Fundamental Conceptsof Analysis—Recommended for
math majors and required of honors math majors. Similar to 115 but
altered content and more theoretical orientation. Properties of Riemann
integral's, continuous functions and convergence in metric spaces, com-
pact metric spaces, basic point set topology. Prerequisites: either 51, 52,
53; or 51H, 52H, 53H. (WIM)

3units, Aut (J. Levandosky), Spr (Maclagan)

MATH 173. Analysis on Manifolds—Differentiable manifolds, tan-
gent space, submanifolds, implicit function theorem, differential forms,
vector and tensor fields. Frobenius' theorem, DeRham theory. Prerequi-
site: 52 or 52H.

3units, Win (R. Cohen)

MATH 174A,B. Honor sAnalysis—The sequence 174A,B isdesigned
primarily for students planning graduate work in mathematicsor physics
and for honors math majors, but is of use and interest to other majors at
ease with rigorous proofs and qualitative discussion. Coherent, mathe-
matically sophisticated presentation of the basic areas in classical rea
analysis. Emphasis is on ordinary and partia differential equations.
Prerequisite: 53H or 171, or consent of instructor.
3units, A: Win (P. Cohen), B: Spr (P. Cohen)

MATH 175. Elementary Functional Analysis—Linear operators on
Hilbert space. Spectral theory of compact operators; applications to
integral equations. Elementsof Banach spacetheory. Prerequisite: 115or
171

3 units, Spr (Lindenstrauss)

MATH 176. Spectral Geometr y—Rel ations between the geometry of
aregion and eigenvalues of the L aplace operator; basic properties of the
Laplace and heat operators; “when can you hear the shape of adrum?’
Prerequisites: 51, 52, 53 or equivalent.

3 units, not given 2002-03

MATH 180. Introduction to Financial M athematics—Financial de-
rivatives: contracts and options. Hedging and risk management. Arbi-
trage, interest rate, and discounted value. Geometric random walk and
Brownian motion as models of risky assets. Initial boundary value
problems for the heat and related partial differential equations. Self-
financing replicating portfolio. Black-Scholes pricing of European op-
tions. Dividends. Implied volatility. Optimal stopping and American
options. Prerequisite: 53. Corequisites: 131, 151 or STATS 116.
3 units, Aut (Diaconis)

MATH 197. Senior Honors Thesis
1-6 units, Aut, Win, Spr (Staff)
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MATH 199. Independent Work—Undergraduates pursue a reading
program; topics limited to those not in regular department course
offerings. Credit can fulfill the elective requirement for math majors.
Approval of Undergraduate Affairs Committee is required to use credit
for honors majors area requirement.

1-3 units, Aut, Win, Spr (Staff)

PRIMARILY FOR GRADUATE STUDENTS

MATH 201. Practical Training—Registrationrestricted to studentsin
the M.S. Degree Program in Financial Mathematics. Students obtain
employment in arelevant industrial or research activity, chosen to en-
hancetheir professional experience, and consistent with the M SFM de-
gree program. Prerequisite: consent of adviser.

1-3 units, Aut, Win, Spr, Sum (Saff)

MATH 205A. Real Analysis—Basic measure theory and the theory of
Lebesgue integration. Prerequisite: 171 or equivalent.
3units, Aut (Levy)

MATH 205B. Real Analysis—Point set topology, basic functional
analysis, Fourier series, and Fourier transform. Prerequisites: 171 and
205A or equivalent.

3 units, Win (Smon)

MATH 205C. Real Analysis—Continuation of 205B.
3 units, Spr (Mazzeo)

MATH 206A. Complex Analysis—Complex integration. Cauchy’s
theorem, Residue theorem, argument principle, power series, conformal
mapping. Prerequisite: 171 or equivalent.

3 units, Aut (P. Cohen)

MATH 206B. Complex Analysis—Riemann mapping theorem, prod-
uct developments, entirefunctions, elliptic functions, Dirichlet problem,
Picard’s theorem. Prerequisites: 171 and 206A or equivalent.

3 units, Win (P. Cohen)

MATH 210A. Modern Algebra—Groups, rings, and fields, introduc-
tion to Galois theory. Prerequisite: 120 or equivalent.
3units, Aut (Vakil)

MATH 210B. M oder n Algebr a—Gal oistheory. Idedl theory, introduction
to algebraic geometry and algebraic number theory. Prerequisite: 210A.
3 units, Win (Brumfiel)

MATH 210C. Modern Algebra—Continuation of 210B. Representa-
tions of groups and noncommutative algebras, multilinear algebra.
3 units, Spr (Brumfiel)

MATH 216A,B. Introduction to Algebraic Geometry—2-part se-
guence. Basic notionsinalgebraic geometry. Algebraic curves, algebraic
varieties, sheaves, cohomology, Riemann-Roch theorem. Classification
of algebraic surfaces, moduli spaces, deformation theory and obstruction
theory, the notion of schemes.

3 units, not given 2002-03

MATH 217A. Differential Geometry—Smooth manifolds and sub-
manifolds, tensors and forms, Lie and exterior derivative, deRham
cohomology, distributions and the Frobenius theorem, vector bundles,
connection theory, parallel transport and curvature, affine connections,
geodesics and the exponential map, connections on the principal frame
bundle. Prerequisite: 173 or equivalent.

3 units, Aut (Goldstein)

MATH 217B. Differential Geometr y—Riemannian manifolds, Levi-

Civita connection, Riemann curvature tensor, Riemannian exponential

map and geodesic normal coordinates, Jacobi fields, completeness,

spacesof constant curvature, bi-invariant metricson compact Liegroups,

symmetric and locally symmetric spaces, equations for Riemannian

submanifolds and Riemannian submersions. Prerequisite: 217A.
3units, Win (Stacey)

Excerpt from Stanford Bulletin, 2002-03

MATH 217C. Differential Geometry—TFirst and second variation of
arc length, index form and variational theory of geodesics, comparison
theorems and consequences for manifolds of positive and negative
curvature, amost complex manifolds and integrability, Hermitian and
Kaehler metrics, connections on complex vector bundles and Chern
classes, Hodge theory, vanishing theorems in the Riemannian and
Kaehler settings.
3 units, Sor (Mazzeo)

MATH 220A. Partial Differential Equations of Applied Mathemat-
ics—First-order partial differential equations, method of characteristics,
weak solutions, conservation laws, hyperbolic equations, separation of
variables, Fourier series, Kirchoff’s formula, Huygen's principle, and
hyperbolic systems. Prerequisite: solid foundation in multivariable cal-
culus and ordinary differential equations.

3 units, Aut (J. Levandosky)

MATH 220B. Partial Differential Equations of Applied M athemat-
ics—Parabolic and elliptic partial differential equations. Eigenvalue
problems, Green’sfunctions,properties of harmonic functions, potential
theory, Fourier series and Fourier transform. Prerequisite: 52 and 53 or
equivalent.

3 units, Win (J. Levandosky)

MATH 220C. Partial Differential Equationsof Applied M athematics—
Asymptotics for integrals: Laplace method, stationary phase, saddle
point method, applications. Rayleigh-Schroedinger perturbation theory,
boundary layersfor ODE, boundary layersfor PDE. Multiple scalesfor
oscillations, multiple scales and homogenization, PDE with oscillating
coefficients. High Frequency asymptotics, geometrical optics.

3 units, Spr (Papani colaou)

MATH 222A. Computational Methods for Fronts, I nterfaces and
Waves—High-order methods for multidimensional systems of conser-
vation lawsand Hamilton-Jacobi equations (central schemes, discontin-
uous Galerkin methods, rel axation methods). L evel set methods and fast
marching methods. Computation of multi-valued solutions. Multi-scale
analysis, including wavel et-based methods. Boundary schemes(perfect-
ly matched layers). Examples from (but not limited to) geometrical
optics, transport equations, reaction-diffusion equations, imaging, and
signal processing.
3units, Aut (Levy)

MATH 228A,B. Ergodic Theory—2-part sequence. Measure preserv-
ing transformations and flows, ergodic theorems, mixing properties,
spectrum, Kolmogorov automorphisms, entropy theory. Examples. Clas-
sical dynamica systems, mostly geodesic and horocycle forms on
homogeneous spaces of SL(2,R). Prerequisites: 205A,B.

3 units, not given 2002-03

MATH 230A,B,C. Theory of Probability—(Enroll in STATS
310A,B,C.) 3-part sequence.
2-3units, A: Aut (Dembo), B: Win (Segmund), C: Spr (Lai)

MATH 232. Topicsin Probabiity—Possible topicsinclude Brownian
motion, coarse graining, concentration inequalities, discrete probability,
Gibbsmeasures, interacting particlesystems, percol ation, random matri-
ces, Poisson approximation. Prerequisite: exposure to measuretheoretic
probability and stochastic processes.

3 units, Sor (Dembo)

MATH 234. L argeDeviations—(Same as STATS 374.) Combinatorial

estimates and the method of types. Large deviation probabilities for

partial sums and for empirica distributions, Cramer’s and Sanov’s

theoremsandtheir Markov extensions. Applicationsin statistics, informe-

tion theory, and statistical mechanics. Prerequisite: 230A or STATS 310.
3 units, not given 2002-03

MATH 235A. Selected Topics in Ergodic Theory—Topics from the
Kolmogorov-Sinai theory of entropy; the isomorphism theorem for



Bernoulli shifts and Bernoulli flows; K-automorphisms applications to
mechanical systems, and automorphisms of compact groups.
3 units, Aut (Ornstein)

MATH 235B. Selected Topics in Ergodic Theory—Topics from the
theory of flows on homogeneous spaces, with emphasis on applications
to number theory. Ergodic theorems, unige ergodicity and equidistribu-
tion, horocyclic and geodesic flows. Howe-Moore theorem, Hedlund
and Furstenberg theorems on the horocyclic flow, the Margulislemma,
Openheim’s conjecture, Ragunathan’s conjecture and Ratner’ stheorem.
Rigidity of some algebraic R and Z¢ actions.
3 units, Win (Lindenstrauss)

MATH 235C. Selected Topicsin Ergodic Theory
3 units, Spr (Ornstein)

MATH 236. Introduction to Stochastic Differential Equations—

Brownian motion, stochastic integrals, and diffusions as solutions of

stochastic differential equations. Functionals of diffusions and their

connectionwith partial differential equations. Randomwalk approxima-

tion of diffusions. Prerequisite: basic probability and differential equations.
3 units, Win (Zerner)

MATH 237. Asymptotic Analysis of Stochastic Equations—Ergodic

properties and stability of solutions of stochastic differential equations.

Small parameter asymptotics and connections with partial differential

equations. Selected applications from physics, biology, and economics.
3 units, alternate years, given 2003-04

MATH 240. Computation and Simulation in Finance—Monte Carlo,
finite difference, tree, and transform methods for the numerical solution
of partial differential equations in finance. Emphasis is on derivative
security pricing.

3units, Spr (Lee)

MATH 241. Mathematical Finance—(Same as STATS 250.) Stochas-
ticmodelsof financial markets. Forward and futurescontracts. European
options and equivalent martingale measures. Hedging strategies and
management of risk. Term structure modelsand interest rate derivatives.
Optimal stopping and American options.

3 units, Win (Papanicolaou)

MATH 244. Riemann Surfaces—Compact Riemann surfaces. topo-
logical classifications, Hurwitz' formula. Riemann-Roch formula, uni-
formizationtheorem. Abel’ stheorem, Jacobian varieties. Someel ements
of harmonic analysis are developed with applications. Emphasisis on
methods which are generally applicable to algebraic curves.

3 units, not given 2002-03

MATH 245A. Topicsin Algebr aic Geometr y—Thetheory of complex
algebraic surfaces. Enriques’ classification of surfaces. Prerequisite:
some familiarity with algebraic geometry.

3 units, Aut (Vakil)

MATH 245B. Topicsin Algebraic Geometr y—Introduction to moduli
spaces. Topics include the moduli functors, the construction of moduli
spaces, examples of moduli spaces, and the basic properties of moduli
spaces of curves, stable maps, and stable vector bundles.

3 units, Win (Li)

MATH 248A,B. Algebraic Number Theory—2-part sequence. Intro-
duction to algebraic number theory: the arithmetic of local and number
fields, and abrief introduction to classfield theory. Prerequisite: 210A,B
or equivalent.

3 units, not given 2002-03

MATH 249A. Topicsin Representation Theory and Number Theory—
Recent and current research in algebraic number theory and arithmetic
geometry. Topics chosen from: elliptic curves, lwasawa theory, special
values of L-functions, and class number formulas.

3 units, Aut (Rubin)

MATH 249B. Topicsin Representation Theory and Number Theory—
Topics: Selberg trace formula, the spectral theory of quotients of the
upper half planeby discretegroups, and rel ated representation theory and
number theory.

3 units, not given 2002-03

MATH 253. Regularity of Setsand M apping—For studentsinterested
in any area of analysis. Topics: Lipschitz functions, smooth functions;
Sobolev functions; variousregul arity and extension theoremsincluding
Rademacher, Kirzbraun, Whitney, and Sard. Critical sets of real-analyt-
ic, complex analytic functions. Affine approximation properties of
subsetsof Rn, including adiscussion of rectifiability and non-rectifiabil -
ity, structure theorem, and Reifenberg’s topological disc theorem.
3 units, Win (Simon)

MATH 256A,B,C. Partial Differential Equations—3-part sequence.
Introduction to the theory of linear and non-linear partial differential
equations, beginning with linear theory involving use of Fourier trans-
form and Sobolev spaces. Topics: Schauder and L2 estimatesfor elliptic
and parabolic equations; De Giorgi-Nash-Moser theory for elliptic
equations; non-linear equations, e.g., the minimal surface equation,
geometric flow problems, and non-linear hyperbolic equations.
3units, alternate years, given 2003-04

MATH 257A,B. Symplectic Geometry and Topology—2-part se-
guence. Linear symplectic geometry and linear Hamiltonian systems.
Symplectic manifolds and their Lagrangian submanifolds, local proper-
ties. Sympl ectic geometry and mechanics. Contact geometry and contact
manifolds. Relations between sympl ectic and contact manifolds. Hamil-
tonian systems with symmetries. Momentum map and its properties.

3 units, not given 2002-03

MATH 261A,B. Functional Analysis—2-part sequence. Geometry of
linear topological spaces. Linear operators and functionals. Spectral
theory. Calculus for vector-valued functions. Operational calculus. Ba-
nach algebras. Special topicsin functional analysis.

3units, alternate years, given 2003-04

MATH 263A,B. Lie Groups and Lie Algebras—2-part sequence.
Definitions, examples, basic properties. Semi-simple Liealgebras, their
structure and classification. Cartan decomposition: real Lie algebras.
Representation theory: Cartan-Stiefel diagram, weights. Weyl character
formula. Orthogonal and symplectic representations. Prerequisite: 210
or equivalent.

3units, A: Win, B: Sor (Bump)

MATH 266. Computational Signal Processing and Wavelets—For
students interested in theoretical and computational aspects of signal
processing. Topics: time-frequency transforms, wavel et basesand wave-
let packets; linear and nonlinear multiresol ution approximations; estima-
tion and restoration of signals; signal compression.

3units, Win (Levy)

MATH 267A,B. Topics in Functional and Har monic Analysis—2-
part sequence. Topicsfrom functional analysisand fromtheL p-theory of
harmonic analysis—the singular integral theory of Calderon and Zyg-
mund and its extensions, interpolation of operators, multiplier transfor-
mations, and smoothness properties of functions. Sets of uniquenessfor
trigonometric series, spectral syntheses, thin sets, spectra theory of
convolution operators, and applications. Prerequisite: knowledge of the
elements of Fourier analysis.
3units, A: Aut, B: Win (Katznel son)

MATH 269A. Holomor phic Curves and their Applicationsin Sym-
plectic Geometry—Riemann surfaces and their moduli spaces, De-
ligne-Mumford compactification, line bundles over Riemann surfaces,
Riemann-Roch theorem. J-holomorphic curvesin symplectic manifolds,
gradient trajectories of the action functional. Elliptic boundary value
problems for J-holomorphic curves, index formulas, coherent orienta-
tiontheory, transversality. Gromov compactnesstheoremfor J-holomor-
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phic curves, symplectic topology via theory of holomorphic curves,

Floer homology theory. Applications of holomorphic curves to low

dimensional topology. Gromov-Witten invariants, quantum cohomol ogy,

associated al gebrai c structures. Symplecticfield theory and applications.
3 units, Aut (Eliashberg)

MATH 269B. Topicsin Symplectic Geometr y—Continuation of 269A.
3units, Win (Eliashberg)

MATH 270. Geometry and Topology of Complex M anifolds—Com-
plex manifolds, Kahler manifolds, curvature, Hodge theory, Lefschetz
theorem, Kahler-Einstein equation, Hermitian-Einstein equations, de-
formation of complex structures.

3 units, not given 2002-03

MATH 272A. Topicsin Partial Differential Equations—Introduction

to shock wave theory for hyperbolic conservation laws. Systems of

hyperbolic-parabolic partia differential equations. Boltzmann equation.
3units, Aut (Liu)

MATH 281A,B. I ntroduction toAlgebraic and Differ ential Topology—

2-part sequence. Fundamental group, covering spaces, embeddings and

immersions of manifolds, transversality, homotopy theory, homology

and cohomology of complexes, differential forms, Poincare Duality.
3units, A: Aut (Brumfiel), B: Win (Schlichtkrull)

MATH 282A. Low Dimensional Topology—The theory of surfaces
and 3-manifolds. Curves on surfaces, the classification of diffeomor-
phismsof surfaces, and Teichmuller space. Themapping classgroup and
the braid group. Knot theory, including knot invariants. Decomposition
of 3-manifolds: triangul ations, Heegaard splittings, Dehn surgery. Loop
theorem, sphere theorem, incompressible surfaces. Geometric struc-
tures, particularly hyperbolic structures on surfaces and 3-manifolds.
3 units, Aut (Kerckhoff)

MATH 282B. Homotopy Theor y—Homotopy groups, fibrations, spec-
tral sequences, simplicial methods, Dold-Thom theorem, models for
loop spaces, homotopy limits and colimits, stable homotopy theory.

3 units, Win (R. Cohen)

MATH 282C. Fiber Bundles and Cobor dism—Possible topics: prin-
cipal bundles, vector bundles, classifying spaces. Connections on bun-
dles, curvature. Topol ogy of gaugegroupsand gauge equival enceclasses
of connections. Characteristic classes and K-theory, including Bott
periodicity, algebrai c K-theory, andindicesof elliptic operators. Spectral
sequences of Atiyah-Hirzebruch, Serre, and Adams. Cobordism theory,
Pontryagin-Thom theorem, calculation of unoriented and complex co-
bordism.
3 units, Spr (Carlsson)

MATH 283. Topics in Algebraic and Geometric Topology—The
topology of oop spaces, studied from several pointsof view. Configura-
tion spaces, operads, and Hochshild homology. String topology, includ-
ing intersection theory and duality phenomena in the loop space of a
manifold. Applications of thetopology of loop spacesto conformal field
theory and string theory, including grebes, twisted K-theory, and repre-
sentations of loop groups.

3units, Aut (R. Cohen)

MATH 285. Geometric M easure Theory—Hausdorff measures and

dimensions, area and co-area formulas for Lipschitz maps, integral

currents and flat chains, minimal surfaces and their singular sets.
3units, Spr (White)

MATH 290A. Model Theory—(Same as PHIL 290A.) Language and
models of the first order predicate calculus, complete and decidable
theories. Fraisse-Ehrenfeucht games. Preservation theorems. Prerequi-
sites 160A,B or equivalent.

3units, alternate years, given 2003-04

Excerpt from Stanford Bulletin, 2002-03

MATH 290B. M odel Theory—(SameasPHIL 290B.) Kripke (possible
world) semantics of intuitionistic and modal logics. Completeness re-
sults and strategies in automated deduction. Algebraic models. Second
order systems. May be taken independently of 290A. Prerequisites:
160A,B or equivaent.

3 units, alternate years, given 2003-04

MATH 291A,B. Recursion Theory—(Same as PHIL 291A ,B.) 2-part
sequence. Theory of recursive functions and recursively enumerable
sets. Turing machines and alternative approaches. Diophantine defin-
ability. Definability in formal systems. Godel’s incompleteness theo-
rems. Recursively unsolvable problemsin mathematicsand logic. Intro-
ductiontorecursiveordinalsand hierarchies. Prerequisites: 160A,B and
162, or equivalents.
3units, A: Win (VanDieren), B: not given 2002-03

MATH 292A ,B. Set Theory—(Same as PHIL 292A B.) The basics of
axiomatic set theory; the systems of Zermelo-Fraenkel and Bernays-
Godel. Topics: cardinal and ordinal numbers, the cumulative hierarchy
and the role of the axiom of choice. Models of set theory, including the
constructible sets and models constructed by the method of forcing.
Consistency and independence results for the axiom of choice, the
continuum hypothesisand other unsettled mathematical and set-theoret-
ical problems. Prerequisites: 160A,B and 161, or equivalents.
3 units, alternate years, given 2003-04

MATH 293A,B. Proof Theory—(Enroll in PHIL 293A,B.)
3 units, Aut, Win (Mints)

MATH 294. Topicsin Logic—(Enroll in PHIL 294.)
3 units, Spr (Mints)

MATH 297. Algebraic L ogic—(Enroll in CS 353.)
3units, Aut (Pratt)

MATH 360. Advanced Reading and Research
1-9 units, any quarter (Staff)

MATH 361. Research Seminar Participation—Participation in a
faculty-led seminar which has no specific course number.
1-3 units, any quarter (Staff)

MATH 380-391. Graduate Seminars

MATH 380. Seminar in Applied Mathematics
1-3 units, by arrangement

MATH 381. Seminar in Analysis
1-3 units, by arrangement

MATH 384. Seminar in Geometry
1-3 units, by arrangement

MATH 385. Seminar in Topology
1-3 units, by arrangement

MATH 386. Seminar in Algebra
1-3 units, by arrangement

MATH 387. Seminar in Number Theory
1-3 units, by arrangement

MATH 388. Seminar in Probability and Stochastic Processes
1-3 units, by arrangement

MATH 389. Seminar in Mathematical Biology
1-3 units, by arrangement

MATH 391. Seminar in Logic and theFoundationsof M athematics
1-3 units, by arrangement

MATH 459. Frontiersin Interdisciplinary Biosciences—(Crosslisted
in multiple departments in the schools of Humanities and Sciences,
Engineering, and M edicine; studentsshould enroll directly through their
affiliated department, otherwiseenroll in CHEMENG 459.) Anintroduc-
tion to cutting-edge research involving interdisciplinary approaches to
bioscience and biotechnol ogy; for specialists and non-specialists. Orga-
nized and sponsored by the Stanford BioX Program. Threeseminarseach



quarter address a broad set of scientific and technical themesrelated to
interdisciplinary approachestoimportant issuesin bioengineering, med-
icine, and the chemical, physical, and biological sciences. Leading
investigators from Stanford and throughout the world present the latest
breakthroughs and endeavors that cut broadly across many core disci-
plines. Pre-seminars introduce basic concepts and provide background
for non-experts. Registered students attend all pre-seminarsin advance
of the primary seminars, others welcome. Prerequisite: keen interest in
all of science, engineering, and medicine with particular interest in life
itself. Recommended: basic knowledge of mathematics, biology, chem-
istry, and physics.
1 unit, Aut, Win, Spr (Robertson)

Thisfile hasbeen excerpted from the Stanford Bulletin, 2002-03,
pages487-495. Every effort hasbeen madetoinsureaccuracy; late
changes(after print publication of thebulletin) may havebeen made
here. Contact the editor of the Stanford Bulletin via email at
arod@stanford.edu with changes, corrections, updates, etc.
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